The Valsalva manoeuvre is routinely used as a means of testing the integrity of cardiovascular reflexes, but the majority of studies have been concerned only with the changes in systemic arterial blood pressure and heart rate evoked by the manoeuvre. Those investigators who have measured forearm blood flow (Sharpey-Schafer, 1953; Roddie et al., 1958; Graf, 1965; Delius et al., 1972) have all reported forearm vasoconstriction after the manoeuvre in normal subjects. The occurrence of a dilatation of the forearm vasculature after the Valsalva manoeuvre has been reported in subjects with autonomic dysfunction (Abboud and Eckstein, 1966; Kontos et al., 1976) . In view of the paucity of information about the patterns of vasomotor responses evoked by the Valsalva manoeuvre, we have investigated these in a group of normal subjects, and have compared them with those seen in a group of diabetic subjects, some of whom had evidence of autonomic neuropathy affecting the cardiovascular system.
Subjects and methods
All subjects gave their informed consent to the study which had been approved by the ethical committee. Nineteen normal men aged 18 to 56 years took part in the investigations. They were free of any cardiovascular abnormalities and were not taking any medication. 7 
women) diabetic
Received for publication 28 February 1979 patients aged 21 to 64 years were studied. Details of the normal subjects and diabetic patients are given in Table 1 , broken down into the groups into which they fell physiologically (see Results) .
All studies were carried out between 1400 and 1600 hours in a temperature controlled laboratory set at 22°C. Subjects had only a light snack before attending the laboratory and all insulin-treated patients had had their last injection of insulin at least 6 hours previously. At the time of investigation the diabetes in all patients was well controlled. Before any measurements were made each subject lay quietly on a couch for at least 30 minutes. During this time electrocardiograph electrodes were attached to the chest to provide the input to an instantaneous ratemeter (Devices Ltd.), and a mercury-in-silastic strain gauge was applied to the right forearm to measure blood flow by venous occlusion plethysmography (Greenfield et al., 1963) . Arterial blood pressure was measured by auscultation in the left arm. (Systolic and diastolic blood pressures were measured to the nearest 2mmHg. While these measurements were made as precisely as possible, their accuracy depends upon the relation between the true intra-arterial pressures and the pressures measured by auscultation (King, 1967) ; this relation is not a simple one. King (1967) 
Results
Before a full analysis of the results, it was clear that the normal subjects and the diabetic patients fell into three corresponding groups, together with a fourth group of diabetic patients who were obviously different from all others. The results are considered in these physiological groupings.
NON-DIABETIC SUBJECTS
All non-diabetic subjects showed a transient overshoot in systemic arterial pressure and a bradycardia after the Valsalva manoeuvre. However, when patterns of change in forearm vascular resistance were considered, the subjects fell into three groups. Eleven subjects (group 1) had a raised forearm vascular resistance after the manoeuvre and this gradually fell towards baseline levels over the next 30 to 40 seconds ( Fig. 1 ). Four subjects (group 2) initially showed a forearm vasoconstriction which reversed to a forearm vasodilatation, though these changes were not statistically significant (Fig. 2 ). In the remaining four subjects (group 3) forearm vascular resistance was initially reduced and gradually rose to control levels ( Fig. 3) .
Because of the small numbers of subjects in groups 2 and 3, possible differences between the control values of the variables measured for the separate groups were not analysed statistically. However, a comparison of those subjects who showed no vasodilatation (group 1) with those who showed a fall in forearm vascular resistance at some stage after the Valsalva manoeuvre (groups 2 and 3) indicated that, though their resting systolic arterial blood pressures were not significantly different (group 1 =126-5 ±4-0 mmHg; groups 2 and 3=120 ±3-5 mmHg), they did show a significant (P < 0-01) difference in systolic arterial pressure after the Valsalva manoeuvre (group 1 = 171 7 ±6-0 mmHg; groups 2 and 3 = 146-9 ±5 0 mmHg). There was no significant difference between the ages of the subjects in these groups. (Fig. 4) . Four subjects (group 2) showed a similar pattern of changes in arterial pressure and heart rate, but in these there was a significant forearm constriction followed by a significant forearm vasodilatation (Fig. 5) . In group 3 were 10 subjects who showed a post-manoeuvre overshoot in arterial pressure, but only six of these subjects showed a bradycardia (Fig. 6) ; however, all subjects in group 3 showed a persistent forearm vasodilatation after the manoeuvre. Five subjects (group 4) showed a significant fall in systolic arterial pressure after the manoeuvre, with no significant change in heart rate or forearm vascular resistance (Fig. 7) . These patients were those with postural hypotension (Table 1) . Under resting conditions the systolic blood pressure of subjects in group 4 (163.6 ± 150 mmHg) was significantly (P < 0 02) higher than that of the other diabetic subjects (groups 1-3; 131-3 ±4-3 mmHg) and their forearm vascular resistance was significantly (P < 0 001) greater (group 4=544 ±7 9; groups 1-3=29-6 ±3 4). Excluding diabetics in group 4 who were clearly different from all other groups, there were, none the less, significant differences between the resting levels .42 group.bmj.com on April 13, 2017 -Published by http://heart.bmj.com/ Downloaded from of systolic arterial pressure, forearm vascular resistance, and heart rate in non-diabetics and diabetics (Table 2 ). There were no consistent differences between the cardiovascular responses to the Valsalva manoeuvre in the non-diabetics and diabetics in the corresponding groups. In some cases the non-diabetics showed the largest changes (compare Fig. 1 and 4) while in others the diabetics showed the greatest responses (compare the changes in forearm vascular resistance in Fig. 2 and 5).
Discussion
Previous studies on the cardiovascular responses to the Valsalva manoeuvre in diabetes have been confined to a consideration of changes in systemic arterial pressure and/or heart rate (Bennett et al., 1976; Ewing, 1978) . The problems associated with quantifying the responses on the basis of heart rate changes alone have been commented upon previously (Bennett et al., 1976 (Bennett et al., ,1978 (Brown et al., 1966; Bennett et al., 1979 forearm vasodilatation after lower body negative pressure (Bennett et al., 1979) . Whatever the explanation of the present and previous results, we do not believe that forearm vasodilatation after the Valsalva is of itself an indication of vasomotor abnormality. Such a response was Note that though the corresponding groups of non-diabetic subjects and diabetic patients are fairly well matched for age, the patients in group 4 are, on average, the oldest and have had diabetes longer than the other patients.
seen in 8 out of 19 normal subjects in the present study (considering groups 2 and 3 together). There was no systematic difference between these subjects and those who showed no forearm vasodilatation, except that in the latter the post-Valsalva hypertension was greater and more persistent than in the former, but this would be expected in the absence of reflex skeletal muscle vasodilatation.
The responses of the diabetic subjects in groups 1, 2, and 3 were not consistently different from those of the non-diabetics in the corresponding groups. However, compared with the non-diabetics, a somewhat larger proportion of the diabetics studied showed only forearm vasodilatation after the manoeuvre (310% against 21o%), and of these diabetics (group 3) 4 out of 10 showed no bradycardia in response to systemic arterial hypertension. This latter observation is an indication of autonomic neuropathy, perhaps affecting vagal efferent control of the heart (Bennett et al., 1976) , and is consistent with the finding that these 4 subjects had abnormally small beat-to-beat variations in heart rate (Bennett et al., 1975, Table 1 ). Thus, while occurrence of forearm vasodilatation after the Valsalva manoeuvre is not necessarily a sign of abnormality, it does not follow that it indicates normal autonomic nervous function. Table 2 Resting cardiovascular variables in non-diabetics (groups 1-3) and diabetics (groups 1-3) (n =27) Systolic blood pressure (mmHg) 122-3 ±3-6 *131-3 ±4-3 Diastolic blood pressure (mmHg) 78-5 ±3-5 81-7 ±3-8 Forearm blood flow (ml/100 ml 6-1 ±1 1 *3-7+0-3 per min) Forearm vascular resistance 18-0 +3-0 *29-6 +3-4 (arbitrary units) Heart rate (beats/min) 75-2 +5-2 *83-8 ±50 *P < 0.05.
There were significant differences between the resting levels of cardiovascular variables in the diabetics and non-diabetics in groups 1 to 3 ( Table  2 ). The moderately raised systolic arterial pressure associated with a slight tachycardia and forearm vasoconstriction could have been the result of anxiety in the patients compared with the volunteer subjects. However, it is also possible that such differences were the result of subclinical cardiovascular disease in the patients (Bennett et al., 1979) .
The only diabetic subjects whose vasomotor response to the Valsalva manoeuvre was undoubtedly abnormal were those in whom there was a post-manoeuvre hypotension with no significant bradycardia or increase in forearm vascular resistance (though the mean value of the latter was reduced). This pattern of response is similar to that seen in other subjects with signs of autonomic dysfunction (Abboud and Eckstein, 1966; Kontos et al., 1976) , and where arterial blood pressure falls but forearm flow increases we agree that the response is abnormal. However, we found that subjects with this pattern of response may none the less show forearm vasoconstriction in response to lower body negative pressure (Bennett et al., 1979) and thus any subject is best investigated using a variety of manoeuvres in order to build up a meaningful profile of the dysfunction.
The resting cardiovascular status of the diabetics in group 4 was very similar to that of patients with borderline hypertension in whom the raised blood pressure appears to be the result of autonomic nervous hyperactivity (Julius and Esler, 1975) . However, the response of the diabetics to the Valsalva manoeuvre indicated that autonomic nervous control of the cardiovascular system was impaired. Since the diabetics in this group were those who showed postural hypotension, it is possible that they had increased blood volumes (caused A427 group.bmj.com on April 13, 2017 -Published by http://heart.bmj.com/ Downloaded from by a renal compensation for the reduction in effective blood volume when upright). A plasma volume expansion could account for the raised systolic blood pressure in the supine position, but it is not clear to what extent this systolic hypertension might have been responsible for the observed abnormalities in cardiovascular control. Eighty per cent of the diabetic patients in group 4 were women, but, on average, they were also older and had had diabetes longer than the patients in the other groups. It is, therefore, impossible from the present results to determine whether or not the abnormalities described are commoner in women.
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